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Abstract 
 
 The goal of this project was to determine a preferred design process among the Design-Build (DB) and 
Integrated Project Delivery (IPD) construction project delivery methods.  Developments in technology have 
encouraged the adoption of both collaborative delivery methods.   
As in any industry, that of the construction is constantly looking for ways to save time and money, thus 
creating a need to measure the efficiency of project delivery methods.  Focusing on the design portion of the DB 
and IPD methods, Axiomatic Design (AD) was used to calculate the efficiency of the design process.  AD states 
that the superior design has a lower information content and therefore the measure of efficiency was taken in 
terms of the information content. To demonstrate the potential value of this measure it was applied to the cost of 
contingency on the design process as factor of improvement. 
 The results showed that the design process for the IPD method has a lower information content than the 
DB delivery method.  After applying the information content to the cost of contingency the ratio of IPD to DB 
is .07; indicating a potential savings of up to 30% on the cost of contingency for the design process. 
 Comparison of calculations concludes that the IPD method is more efficient because it has less 
contingency built into the design.  Furthermore, the results demonstrate the versatile applications of Axiomatic 
Design.  
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Chapter 1: Introduction 
 
Until recently, the majority of the construction industry has implemented projects with a segregated 
design and construction process (Gomez Lara, 2016).  The owner, architect, contractor, sub- contractor and 
other professionals have poor communication amongst one another and therefore conduct a given project with 
no regard for the other’s agenda.  Each of the fore mentioned parties have their own objectives that their areas 
of expertise address, however, an architect’s objectives differ from that of the contractor’s.   Therefore, 
consideration for the needs or constraints of the construction, operation and maintenance of a facility are 
neglected.  Often, design documents are delivered to the contractor with issues relative to constructability, 
fabrication, and production.  This segregated process creates poor designs that typically result in missed 
budgets, delayed deliverables, ‘finger pointing’, and ultimately an unsatisfied customer. 
 The early stages of the design process are the most critical and decisions during this time impact the cost 
and quality of the facility the most.  Integrated project delivery methods and building information modeling 
(BIM), are starting to merge the design and construction processes together.  This collaborative approach favors 
the project from the perspective(s) of unit cost, construction speed, delivery speed, cost growth and schedule 
growth (Jackson, 2011).   
 The research and the work of Maria del Lourdes Gomez Lara PhD, proposed an improved design 
process using Axiomatic Design (AD) methodology to analyze some essential aspects of the design process. 
The Axiomatic Design translates customer needs into functional requirements (Suh, 2001).  The methodology 
of axiomatic design conforms functional requirements (FR’s) to two axioms or rules to ensure the design is 
efficient. Axiom one is the Independence Axiom and Axiom Two is the information axiom.  Axiom one seeks 
to avoid unintended consequences by maximizing the independence of functional elements.  Axiom two seeks 
maximize the probability of success by minimizing the information content of one functional requirement to 
another (Brown, 2013).  Using axiom two, Ms. Gomez Lara modeled the efficiency of Design-Build with BIM 
software over Design-Build. 
 This MQP continues research on the use of Axiom 2 by further developing calculations to show the 
efficiency of Integrated Project Delivery over Design Build. Adjusting calculations to reflect the difference in 
the two processes will result in a comparison between the design methods as well as expand the applications for 
Axiomatic Design. 
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Chapter 2: Background  
 
Chapter 2.1: Design -Build and Integrated Project Delivery 
  
The demand for faster better and cheaper construction projects lead to the primary Design-Build 
philosophy.  Design-Build(DB) is a project delivery method that promotes collaboration between the designer 
and contractor by combining their services under one contract held by the owner. In contrast to the traditional 
approach of Design-Bid-Build in which designers and contractors delivered independent services under separate 
contracts (Jackson, 2011). Professionals in the industry sought a more efficient project delivery method and in 
1993 the Design-Build Institute of America (DBIA) was formed (Jackson, 2011).  Though DB was not a new 
concept, the formation of the DBIA gave the delivery method a large voice and was the first step towards 
steering the industry in a new direction.   
The collaborative approach started by DB lead other similar project delivery methods, specifically the 
Integrated Project Delivery (IPD) method. Like DB the IPD method recommends early contractor involvement 
and high levels of collaboration, however the DB method requires a single source of responsibility; one contract 
with the owner (Jackson, 2011).  Alternatively, the IPD contract has all major parties under the same contract 
sharing the responsibility for the success or failure of the project.  This approach harnesses the talents of all the 
professionals involved in a project (owner, designer, contractor) by putting them all under the same contract 
(Jackson, 2011).  Though both methods improve the quality of constructability by promoting collaboration 
between the designer and the contractor the IPD approach obligates all major parties to work together because 
they’re contractually incentivized to do so.  Problems and issues are resolved much faster as all the resources of 
each professional are brought together to handle everything together. 
 
Chapter 2.2: Building Information Modeling 
  
The concept of Building Information Modeling (BIM) is to enhance the collaboration process by 
creating a “single repository for all the bits and pieces of information across all the disciplines and functions 
necessary to construct the project” (Jackson, 2011). BIM essentially allows a project to be built virtually prior to 
building it physically.  BIM builds its models in 3D with object orientated software, it can incorporate 
scheduling and budget details as well as test the effects on the whole project when a detail or component of the 
design is changed (Jackson, 2011).  BIM is considered one of the primary technical drivers to moving the 
construction industry to a more collaborative and integrated approach. 
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Chapter 2.3: Axiomatic Design Principles 
  
The goal of Axiomatic Design (AD) is to “establish a scientific basis for a design and to improve design 
activities by providing a theoretical foundation based on logical and rational thought processes and tools” (Suh, 
2001).  The scientific basis is established by defining the functional requirements (FR’s) or “the minimum set of 
independent requirements that completely characterizes the functional needs of the product in the functional 
domain” (Suh, 2001). The theoretical foundation based on logical and rational thought processes are the two 
rules or axioms that AD abides by.   
Axiom 1, known as the independence axiom, states that the “design solution must be such that each one 
of the FR’s can be satisfied without affecting the other FR” (Suh, 2001).  To ensure independence of the FR’s a 
design matrix is used in which FR’s are listed against the design parameters (DP’s).  To satisfy the 
Independence Axiom the design matrix must be either diagonal or triangular.  When the design matrix is 
diagonal, each of the FRs can be satisfied independently by means of one DP.  Such a design is called an 
“uncoupled” design.  When the matrix is triangular, the independence of the FRs can be certain if the DPs are 
determined in a proper sequence.  Such a design is called a “decoupled” design. (Suh, 2001). 
Axiom 2, also called the information axiom, “provides a quantitative measure of the merits of a given 
design, and thus it is useful selecting the best among those designs that are acceptable” (Suh, 2001).  The 
information axiom says that the design with the highest probability of success and lowest information content is 
best.  The probability of success is calculated by using a probability density function to measure a common 
range from the system and design range.  Once the probability of success is determined the information content 
can be calculated (Suh, 2001). 
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Chapter 3: Methodology 
 
 The work of Maria del Lourdes Gomez Lara PhD evaluated the design build vs design build with BIM 
concepts.  By implementing axiom 1 she determined how to de-couple the functional requirements of the design 
process and through Axiom 2 calculated the information content of both processes.  Her work demonstrated that 
the incorporation of BIM concepts made for a more efficient design process.  This project continues analyzing 
the process calculations for Axiom 2, to evaluate the IPD method for efficiency.  To do so, the data that was 
used to calculate the information content was analyzed.  The information content was calculated through 
determination of the probability of success for each single functional requirement.  The probability of success 
was determined using the data from Ms. Gomez-Lara’s simulations and incorporating it into a probability 
density function.  The purpose of the probability density function was to use the system and design range of 
each functional requirement so that a common range could be determined and used to calculate the probability 
of success  (Suh, 2001).  Note that the system ranges for FR’s 1.1, 2.2, 2.5, and 2.6 remained constant from 
Marias work as the information for these FR’s was given or the probability of success for these FR’s was 
already at 100% and theoretically had no room for improvement. 
Chapter 3.1: Determining the Common Range 
 
Ms. Gomez-Lara’s extensive Arena ® Simulations took her determined maximum and minimum times 
and costs for each functional requirement (FR).  The information was used to come up with a system range for 
each FR.  Table 1 illustrates the metrics to determine the system ranges (Rockwell, 2012).  
 
Table 1 - Metrics Used to Determine System Range for each FR 
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She determined the design range using the probability design function and assumed that each FR had a uniform 
distribution (Gomez Lara, 2016). Once the system and design ranges are plotted, a common range can be 
determined.  Figure 1 illustrates how the common range is determined. 
 
Figure 1 - Probability Density Function, System Range and Design Range 
Since the design range remained constant for each FR the simulations and the data used in those 
simulations only affected the system range.  Therefore, the first step was to determine how to manipulate the 
system range to reflect that of and IPD design process.  Since there is not a lot of research on cost and time 
savings of DB vs IPD, the goal was to choose a multiplier that was modest enough to be realistic but also 
significant enough to represent the enhanced integration of IPD.  As illustrated in table 2, the average 
percentage change in the system range for each FR from Ms. Gomez-Lara’s work evaluating DB vs DB with 
BIM was 6.85%.   
 
Table 2 - Change in System Range from DB to DB with BIM 
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Therefore, to conservatively demonstrate efficiency of IPD I chose a system range increase of 2.5% per FR.  
The table below illustrates the adjustments I made to the system range.  Note how the design range remained 
constant. 
 
Table 3 - Change in System Range 
 
Chapter 3.2: Probability of Success 
Once a multiplier was determined in order to increase the system range the new numbers could be 
incorporated into Ms. Gomez-Lara’s calculations.   The probability of success was calculated using equation 1, 
illustrated below.  The greater the probability of success the better the design.   
 
Equation 1 - Definition of probability of success in a design 
Chapter 3.3: Information Content 
Axiom 2 states that the information content is expressed as shown in the equation shown in equation 2 
below. 
 
Equation 2 - Information content for a given FR 
  
Cardenas 14 
 
In a design system this equation is expressed and calculated for the information content as shown in equation 3 
below. 
 
Equation 3 - Definition of information in a design 
As the axiom is defined, the lower the information content the better the design.   
Chapter 3.4: Contingency Calculations 
 
In order to determine a monetary conclusion, the information content was incorporated in the 
contingency range associated with the cost of the design process.   Roughly, the average cost of the design 
process is anywhere from 5-15% of the overall construction budget.  The average contingency on that design 
process is 1-3%.  Therefore, on a $100,000 construction project the contingency cost could be $1,000 to $3,000 
dollars.  Assuming worst case scenario, the contingency was multiplied by the information content so that a 
ratio between DB with BIM and IPD with BIM could be established.   
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Chapter 4: Results and Analysis 
 
Chapter 4.1: Change in the Probability of Success 
 
An increase of just 2.5% on the system range had a significant impact on the of the probability of 
success.   Table 4 and figure 2 illustrate the change. 
 
Table 4 - Probability of Success per FR per Delivery Method 
 
Figure 2 - Change in the Probability of Success 
  
Among the FR’s that were not held constant the average change in the probability of success was 8%.  
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Chapter 4.2: Change in the Information Content 
The information content followed suit with the probability of success and significantly improved (the 
information content decreased).  Table 5 and figure 3 show the results of the calculated information content. 
 
Table 5 - Information Content per FR per Delivery Method 
 
 
Figure 3 - Change in Information Content Comparison  
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Chapter 4.3: Contingency Analysis 
The contingency analysis also adjusted as expected.  The cost of contingency was measured at 3% of the 
overall budget for the design process.  The resulting ratio of .7, in favor of the IPD method, means a potential 
savings of up to 30% on the contingency cost.  Thus the IPD method is the preferred method because it builds 
less contingency into the design. 
 
 
Table 5 - Contingency Comparison 
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Chapter 5: Conclusion 
 
 This MQP had two findings; first the Integrated Project Delivery method is more efficient than the 
Design-build and second that Axiomatic Design had a broad scope of applications.  
Findings based on a 2.5% adjustment to the system range can be used for further research into the 
measuring design process efficiency. Furthermore, this project demonstrates the versatility Axiomatic Design 
principles and its applications.  The majority of practice in Axiomatic Design is on Axiom 1 and taking a 
tangible product and figuring a way to make it better;  
 “There is so much low hanging fruit in design that you can do so much with Axiom 1 if that’s all you 
ever use that’s great, I have many former students who have patents, or saved $100,000 recognizing Axiom 1 
using it qualitatively” (Brown, 2013). 
This project showed how Axiom 2 can be used to quantitatively show the use of Axiomatic Design 
principles to measure the intangible.  Every process or organization can be defined in the form of functional 
requirements can thus measure itself in terms of progress and success (the probability of success).  Therefore, 
it’s reasonable to say that any organization or process could calculate an information content and apply 
Axiomatic Design principles to become more efficient.    
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Appendix – Calculations 
Common Range, Probability of Success and Information Content Calculations 
FR 1.1 – 1.2: 
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 FR 1.3, 2.1 -2.3: 
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FR 2.4 – 2.6: 
 
